Multidisciplinary survey design

102
The PELGAS sampling design combines en-route with at-station data collection strategies (Doray et al., lasts one month. The en-route data concern higher trophic levels (fish and top predators) while the at-(nm) apart, which extend from the coast (20m bottom depth) to the shelf break (250m). The survey 108 lines are oriented perpendicular to the isobaths and are transited at 10 knots during day light hours.
109
The grid is sampled annually at the same time of the year. 
Selection of variables in each ecosystem compartment
253
MFA was first applied to each ecosystem compartment using the variables characterizing that 254 compartment (Table 1) . Variables were selected based on their repeated good correlation with the 255 MFA principal components for a sufficient number of years. In effect, variables selected on that criteria 256 carry the structure among the variables that is most consistent across the series of years (2009-2014).
257
The variables retained had correlation coefficients with at least one of the two first principal 258 components that were greater than 0.5 in absolute value and for which such (good) correlation 259 occurred with a frequency in time higher than 0.5. Correlation of variables with principal components 260 of higher order (>2) was often low or infrequent, meaning that these components were difficult to 261 interpret and this is why we used the first two principal components only. Some variables were 262 redundant as they showed similar correlation with the MFA principal components. In that case and in Table 1 redundant and we selected the fraction greater than 1000 m, which was also less statistically variable.
331
In the Seabirds and Mammals compartment Gannets and Gulls were redundant and neither was 332 selected. These species were largely distributed on the entire shelf, which decreased the efficiency of 333 the clustering in the global analysis. Chub mackerel in the Fish compartment was close to be selected 334 using the correlation criteria. This variable was mainly distributed in the South (<45.5°) but with high 335 variability among years in its location. When selected, it also decreased the efficiency of the clustering 336 in the global analysis. Finally 13 variables were retained (Table 4) , which summarized spatial patterns to 2014. The notation "n+|k-" indicates n positive and k negative correlations. Correlations with absolute value greater than 0.5 were considered only. Acronyms of variable are defined in Table 1 .
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The column Selection indicates whether or not the variable was selected for applying MFA on all 345 ecosystem compartments. 3   96  105  58  48  67  78  89  39  98  79  90  68  69  49  59  97  106  40  50   2   31  17  23  9  12  28  37  21  11  16  22  6  3  8  29  30  38  66  47  56  88  57  65  77   1   84  54  63  74  61  71  62  73  80  83  82  72  81  45  35  26  33  41  51  43  44  52  42  60  70  34  53  5  15  2  7  10  20  27  36  32  19  24  25  13  18  1  4  14   4   120  103  113  112  119  114  115  104  121  122  110  85  93  102  111  94  118  76  86  87  95  123  46  55  64  75  91  107  108  99  116  101  92  100  109 The four (spatial) groups of grid cells were interpreted by identifying the variables, which characterized 375 them best. For that we computed in each group the average variable value per year and looked for 376 higher/lower values. In the analysis the variables are centered and normed. Thus the average per group 377 per year is a residual variation for that group and year (Fig. 4) . Group G1 was characterized by higher 378 salinity and higher abundance of large delphinids and lower abundance of surface chlorophyll, sprat, 379 sardine and auks. In contrast to G1, group G3 was characterized by lower salinity, higher abundance delphinids. Group G2 was characterized by higher bottom temperature, higher abundance of anchovy by lower bottom temperature, lower anchovy abundance and greater water column stratification and 384 greater abundance of large zooplankton. Table 1 . seascapes (Fig. 5) , which corresponded to the common spatial structure across ecosystem 402 Group G1 is located (Fig. 5) on the shelf-break and outer-shelf (bottom depth > 120 m) while group G3 403 is located in the coastal and inner-shelf waters (bottom depth < 80 m) from the Gironde to the Loire 404 estuaries occupying the mid-latitudes in Biscay. Group G2 is located mainly over the southern shelf 405 (latitude < 45°N) while Group G4 is a northern Biscay group (latitude > 46°N) centered on isobath 100m. (Fig. 6 ) are anchovy, surface salinity, sprat and water column stratification (Depot).
420
They are characteristic of different spatial groups (Table 5 ) and therefore key in explaining the spatial 421 pattern in the temporal variability (Fig. 5) . These variables are correlated: salinity and sprat, and 422 anchovy and water column stratification are opposed on MFA principal axis 1 and 2, respectively ( 
438
The colors correspond to the four groups identified by hierarchical clustering. Acronyms of variables 439 are defined in Table 1 . 
499
The major connectivity pathways could be seasonal migration patterns in the higher trophic levels and 500 seasonal hydrodynamic regimes. The understanding of the ecology of the Bay of Biscay as a meta-501 ecosystem would require to identify and map the sub-units (as in the present study), but also 502 understand their production dynamics and the connectivity between them. An ecosystem assessment 503 would need to consider how all these elements depart from a reference situation. The present analysis 504 defines the areas and limits of ecosystem sub-units to be considered in ecosystem assessment and 505 management.
507
Towards spatially explicit management scenarios
508
The ecosystem sub-units identified related to production systems, which could be considered as 509 elementary units for designing ecosystem-based management scenarios. Such scenarios would then 510 need to consider the production systems that stocks visit at different seasons during their life cycles 511 (ICES, 2010). This will require spatially explicit end-to-end models to assemble knowledge and evaluate 512 by simulations management scenarios in space and time. Thus, in addition to ecosystem monitoring, 513 description and assessment, integrated survey data series are also useful to validate the capability of ecosystem units as produced here. In effect, they provide information on the spatial scales and areas 517 that need be considered.
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